The characteristics of the New York Stock Exchange closely resemble those necessary for an efficient market: large numbers of participants, rapid dissemination of information, low transaction costs and easy accessibility. These equilibriating conditions suggest that investors can accept existing security prices as usefully correct. Thus, investors should employ a portfolio strategy which controls the risk of the portfolio, eliminates unnecessary risks, and minimizes operating and transaction costs. The Capital Asset Pricing Simulator demonstrates how portfolios consistent with the above objectives would have performed over time and identifies possible sources of extra returns. The Simulator has supported the Capital Market Theory, assisted in the development of a realistic management strategy, and provided demonstrative materials for marketing and training. Furthermore, it has led to the offering of new investment management services.
I. The Problem
Capital Market Theory concentrates on the mechanism by which prices of securities are set in an "Efficient Market" characterized by large numbers of participants, rapid dissemination of information and low transaction costs. In an efficient market it is difficult for any one participant to consistently outperform other participants, all of whom are striving to attain superior performance. This competition forces prices to adjust rapidly to the point where they accurately reflect investors' expectations. The theory proceeds under the assumption that market prices contain most, if not all, relevant information, and can serve as a base for portfolio composition strategies.
But stock prices are notably volatile, and the "correct price" may vary considerably from one day to the next. An incentive is required to induce investors to draw their funds out of savings accounts and subject their wealth to this potential fluctuation. A reward must be offered to compensate for bearing this risk; and, the higher the risk, the higher must be the expected reward.
Not all risks carry an expected compensation, however. Security exchanges provide investors with an opportunity to minimize through diversification certain of these risks, specifically those risks unique to an individual company or industry. Thus, this type of risk bears little, if any, expected compensation. The remaining risk which does bear expected compensation is that risk due to common factors affecting all securities, which cannot be diversified away. The relevant risk of an individual company, referred to as beta, is the extent to which it is affected by these common factors. The return on a portfolio is vastly more sensitive to the extent to which these common factors are present than it is to any other single factor.
Using measures of this risk, portfolios can be constructed which systematically undertake a controlled amount of risk. A controlled low risk portfolio would, for example, appeal to more conservative investors, whereas a higher risk portfolio could be constructed to satisfy more aggressive clients. All of these portfolios would feature accurate control of risk exposure to maximize systematic return in compensation for bearing risk.
The objective of the Capital Asset Pricing Simulator was to develop a practical method of constructing portfolios utilizing the principles of Capital Market Theory. The Simulator is a computer program designed to simulate portfolio strategies based on historical return data of individual stocks and their risk/return relationships and inter-relationships as hypothesized under Capital Market Theory. The conceptual methods of constructing risk/managed portfolios was formulated by consultants to Wells Fargo Bank. I The Capital Asset Pricing Simulator extended this basic research by:
i. Allowing more real-world assumptions -e.g., trading in round lots, brokerage commissions, leverage constraints, and inclusion of management fees and cash outflow requirements;
2. Operating as if stocks were actually bought and sold -e.g., dividends are re-invested by purchasing more stocks; and, 3. Allowing more flexibility in choosing a portfolio strategy. Areas of flexibility include: time interval between portfolio and individual stock reviews, handling of short sales, number of stocks held in the portfolio, adjustment of portfolio risk with leverage, and value of individual risk deciles.
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II. The Application of Capital Asset Pricing Theory
The primary advantage claimed for Capital Asset Pricing Theory based strategies is control of the risk assumed in the portfolio. Risk control is advantageous as it permits the identification and removal of those risks which bear no compensation, and also allows more sophisticated investment strategies to be employed without losing control of the risk of the portfolio. Risk control allows the client to meaningfully express his investment objectives to the portfolio manager.
The risk of a portfolio is controlled relative to the risk of the market. Since the total risk of the market tends to change rather slowly over time, investors can use this standard to evaluate the proper degree of risks in their portfolios. Risk relative to the market is measured as the total relative risk which is defined as the standard deviation of the portfolio returns divided by the standard deviation of the market index. In the case of a perfectly diversified portfolio, this would be equivalent to the market sensitivity. The market index used as t~e standard is an index constructed of equal investment of all stocks comprising the New York Stock Exchange universe.
(This stock index is approximately 15% more risky than the commonly used Standard & Poor's 500 Stock Index.)
The Capital Asset Pricing Model indicates that investors are compensated only for bearing those risks w~ich cannot be diversified away (beta). Thus, investors are compensated not for the total risk of an individual security, but only for that portion which still remains after the security is held in a highly diversified portfolio. The degree of diversification of a portfolio is measured by its correlation coefficient. A portfolio whose rate of return moved in lock step with the market's rate of return would have a correlation coefficient of 1.0. Recent studies have indicated that widely diversified portfolios can attain correlation coefficients between .90 and .98. Very low (or very high) risk portfolios tend to have lower correlation coefficients than those portfolios of approximately market risk due to the industry concentration within certain risk range@. The low risk groups, for example, tend to contain an inordinate number of utilities and international oils, and virtually exclude high risk, low capitalization industries such as electronics, aerospace and airlines.
If it were not for the finding that low risk portfolios generated larger than expected rates of return, this lowering of the correlation coefficient would imply that the rate of return should drop proportionate to the drop in correlation for portfolios with equal total relative risk. However, given the existence of the extra returns (explained below) on low risk portfolios, the correlation coefficient is not sufficient to determine the relative efficiency of a portfolio.
It does not appear that it is possible to increase the coefficient of correlation to a value higher than approximately .985, even for portfolios of securities selected from the total risk spectrum of the market. When we compare a portfolio to an index which maintains constant equal proportions in every security, we make comparisons to a standard which is unattainable as a portfolio without incurring large and useless transaction costs. As the value of securities held in our portfolio fluctuates, the proportions of the individual securities will change relative to each other and relative to their proportion in the market index used for purposes of comparison. Thus~ a coefficient of correllation of 1.0 is not practically attainable and should not be viewed as a standard of perfect diversification.
The operating strategy is based upon the assumption that the prices of securities generated in the market can be taken to be usefully correct prices. It is therefore unnecessary to undertake in-depth analysis of the individual issues and to continually buy and sell stocks to "take advantage of special situations" as most current portfolio managers try to do. As mentioned above, even though the explicit costs of transactions are low for large trades (or nil if done on the fourth market), the implicit costs are quite high. Thus, the cost of operations for Capital Asset Pricing Theory based portfolios should be lower than available under current management practice due to low demands on the time of the portfolio manager, as well as low transaction costs generated by low turnover rates.
The studies performed by the consultants showed that a combination of low risk stocks and leverage produced results superior to portfolios composed of unlevered high risk stocks. The method proposed for utilizing this finding was to maintain a constant ratio of borrowed debt to paid-in equity capital. When the value of the portfolio rose, more debt would be acquired and invested in the same low risk stocks. When the market declined, stocks would be sold and the proceeds used to pay off some of the debt.
In summary, portfolios based on Capital Asset Pricing Theory claim the following advantages: control of total risk, elimination of those risks which do not bear expected compensation, low turnover, and extra returns generated by the use of leverage. Each of these variables is measured quantitatively. This allows the client, or the simulator user, to state his portfolio objectives (level of total risk, minimum level of diversification, and maximum level of turnover) and, therefore, gauge his expected portfolio performance relative to the return of the market. Later he can evaluate the portfolio manager accurately, in the context of the predefined portfolio objectives.
Importantly, the objectives are stated in terms which the portfolio manager can actively control; no undeliverable promises of rates of return are made.
III. The Model
Using monthly New York Stock Exchange data from January 1931 through June of 1970, the computer program constructs portfolios and controls them in the manner specified by the input control parameters. An extensive performance analysis of the portfolios is performed during the simulation to give information on past stock/ portfollo-risk/return relationships.
The unifying dimension of simulator design and usage is risk control: how can a portfolio manager control the risk of a portfolio, and how is the ultimate performance of that portfolio dependent upon the methods he uses for controlling risk? The risk control options available to a portfolio manager can be divided into three major categories:
i. Division of the universe into risk deciles. A quantitative measure of the risk of each individual security is calculated as of each month in the time span covered by the simulator. The coetaneous risk estimates are sorted so that individual securities are ranked from the most risky to the least risky. This sorted array is arbitrarily divided into risk deciles; securities within a risk decile are assumed to be equally risky, and securities excluded from the risk decile are assumed to have a different risk. Portfolio composition (and risk) are controlled by limiting (maximum and minimum) the proportion of portfolio value which is held in each decile.
Diversification.
Diversification is controlled primarily by constraints on the number of securities held in the portfolio, and specifying maximum and minimum portions for an individual security.
Leverage.
Leverage is adjusted to maintain a constant debt to equity ratio as specified by the control parameters.
The amount of debt outstanding is adjusted to compensate for changes in equity.
Each simulation run produces a massive output for analysis including parameter specifications, traces of actions taken, status reports, and periodic performance evaluations.
(See the appendix for a description and example of each report.)
Analysis of this data and the data from comparable runs allows the user of the simulator to study and define alternative portfolio decision rules.
IV. Real-World Validity
Real-world operability and expected performance of Capital Market Theory based on portfolio strategies must be inferred from the results of portfolios simulated over historic time periods.
Therefore, it is important that the simulation model accurately reflects the relevant aspects of the real-world.
Criteria necessary for valid representation include: believe that it will be possible to avoid the implicit transaction costs even if the explicit costs cannot be eliminated.
The simulator adjusts the debt of a levered portfolio to the specified level at the start of each month.
The interest is pre-paid at the commercial paper rate plus I% per year.
Although any particular contribution/disbursement schedule can be simulated, in general the portfolio simulator assumes no cash flows.
This would be consistent with the management of a closed-end fund but not necessarily with either a pension fund or an open-end fund. The effect of cash flows cannot be evaluated without knowing the flow schedule, portfolio risk, amount of debt and market trend.
In practice, the portfolio manager will schedule expected cash receipts and disbursements, thus minimizing commissions costs of temporary investments.
In addition, cash flows allow the portfolio manager to adjust the risk without generating additional commission costs.
Decision Process
When initializing the portfolio there are only two critical operations to be performed by the simulator user or in the real-world, the portfolio manager:
i. All data employed by the simulator were actually available at the time of the decisions.
2. Actual decisions would have yielded the same results as the simulated decisions.
3. The simulator decision process accurately reflects the proposed strategy and does not envoke knowledge unavailable at the time.
The remainder of this section discusses the data, operating assumptions and decision rules utilized by the simulator in the context of the three criteria above. They will be justified with comparisons to the realworld and actual operating strategy where appropriate.
Data
i. Given the objective risk level and the amount of leverage available, determine the risk of the underlying portfolio.
2. Determine which risk deciles of the security universe in which to invest in order to meet that specified risk level.
The first operation is simple:
The risk of the underlying portfolio should be equal to the objective risk level divided by one plus the debt/equity ratio. The second operation is more difficult and also a potential source of bias since it is possible to envoke risk information not available at the simulated time.
Fortunately, the risk of the underlying portfolio can be initialized by using the calculated risk of market segments from previous time periods.
The data base used by the simulator consists of monthly data from January 1931 to June 1970 for all NYSE common stocks.
The decision point for purchases and sales occurs at the beginning of each month.
At that time only the current prices and risk estimates (volatility of historical returns relative to market index returns) are utilized.
The securities and portfolio are valuated at the end of each month using the closing prices. Dividends are assumed to be received in the same month that the stock goes ex-dividend.
This implies that the dividends are avaialable for investment on average three weeks earlier than they would in a real operating environment.
The effect is an upward bias of the simulator returns by O.03%/year.
Operating Assumptions
The portfolio simulator assumes that an unlimited amount of any security can be bought or sold at the closing price on the last day of the month at commission rates equal to 1969 rates (including the New York State transfer tax).
Under traditional portfolio practice (purchase of a specific security) this would be a very naive assumption because it ignores the implicit costs of the transaction, the movement in stock price caused by this transaction, which are estimated at 1% -2%. However, since Capital Asset Pricing Theory based portfolios are relatively indifferent to a wide range of issues and in many instances the speed of execution, we To maintain the risk of a levered portfolio, the debt/ equity ratio must be closely controlled since small changes in portfolio value (5% -10% depending on the amount of leverage) can have considerable effect on the risk of the portfolio.
Therefore, an actual portfolio would be evaluated as frequently as daily to insure that the debt/equity ratio was within reasonable limits. Daily control may increase the number of transactions somewhat (there would still be many days without any trades); however, any additional trading costs should more than offset by improved performance due to the closer control.
The simulator decision process selects issues to buy or sell in a manner which maintains a constant profile among risk deciles.
That is, the simulator selects securities to buy from that risk decile which is most under-represented in the portfolio and sells from the risk deciles which are over-represented.
Constraints on individual securities are employed by the simulator to insure accurate risk estimates, to reduce costs, and to improve diversification.
At the beginning of each month all issues for which data is not available because of delisting or merger are sold at the price as of the beginning of the previous month.
The proceeds are assumed to be held in cash for that month.
Commissions are paid only on the cash reinvested beacuse it is assumed that with actual mergers, the new securities would be held.
Security positions valued at less than .1% of the portfolio are sold to simulate the realworld consideration of reducing custodial costs.
Holdings in securities valued at more than a maximum limit set by the simulator user are reduced to improve diversification.
Are the simulations a valid track record for an operating portfolio strategy?
The security universe and data to be employed in the actual portfolio management are comparable to those used by the simulator.
The investment strategy is a refinement of the simulator decision process in that it makes use of additional information and more frequent observations to improve portfolio risk control.
Furthermore, we believe that the operating assumptions are a reasonable aDDroximation of the real-world.
Therefore, in our opinion the simulations do constitute valid experience.
However, this statement could be revised as more information from an actual operating environment is collected.
V. Technical Aspects Prosram Design
The portfolio simulator was designed to accomodate generality (user options) in the specification of input parameters, as well as flexibility (program changes) in the modification of the decision process and the strategy assumptions.
Unlike many simulators which attempt to mirror existing systems, the portfolio simulator was to test a model which was being developed concurrently. The details of the model had not been specified and would depend in part on the results from the simulator. Furthermore, the usage of the simulator was not well defined at the start.
It was to be used for verification of the initial research, development of a new portfolio strategy, marketing, and research on other models. Each of these has different requirements on input, data handling, decision rules, and output.
In addition, the real world investment restrictions and trading assumptions were not known with certainty.
Many of the ideas proposed for the operating strategy are unfamiliar to the traditional investment process.
Having had to make numerous changes in the simulator, the value of flexibility has been readily apparent.
The importance of designing a simulator so that changes could be made easily and also tested cannot be emphasized enough.
It appears now that it might have been more efficient to build the simulator for specific runs and modify it for succeeding runs.
Progran~ning the simulator for generality was very time consuming, made testing more difficult, and made running less efficient. Many changes and additions have been made, and furthermore, many options (e.g., short sales) have not been used and are not expected to be used in the immediate future. An analysis of why we were designing the programs for flexibility would have made us realize the inconsistency on designing for generality as well.
Prosram Language & Computer
Fortran was selected for the programming language.
Simulation languages did not appear advantageous because the model was too complex, not adaptable to a simulation language, and required output flexibility. Fortran appeared more efficient than general languages such as Cobol or PLI for doing the mass calculations and array manipulation and more efficient than assembler for programming and making changes.
Furthermore~ the people who designed and programmed the system were trained in Fortran.
The main difficulty with Fortran is the data input inefficiency.
The program was developed on the time-shared IBM 360/67 computer of Interactive Data Corporation in Waltham, Massachusetts.
After development it was converted to remote batch usage, and later to in-house 360/65 facilities.
Data Base Constructions
Constructing the data base was as difficult as programming the model.
Starting with monthly price and return data for all companies on the NYSE from January 1926 through June 1970, a data base which included risk estimates for each company had to be built which could be handled efficiently by the simulator.
The first step consisted of checking for errors, reconciling inconsistencies, and screening out any companies with bad data. A risk estimate (slope coefficient of the regression of the security's returns against the market using only data from a previous period) for each month for each company was then calculated and stored with the monthly prices, returns without dividends, and returns with dividends for the company.
The third step was a massive transpose of the data from month within company to company within month.
Then the companies were sorted each month on the basis of their risk estimate.
Resources
Constructing the data base and designing, programming, and debugging the simulator were done by a systems analyst and application analyst within one calendar year. The three steps required approximately nineteen manmonths, thirty-two hours of CPU time, and i000 hours of connect time.
Almost half of this was spent constructing the data base.
A simulation takes about ten minutes of CPU time to run on a 360/67; however, over half of the time is used to read in the data.
Using the inhouse 360/65 with the data base on disk, the CPU time for a twenty-five year simulation is reduced to approximately four minutes.
VI. Analysis
To demonstrate the advantages of the portfolio strategy and the use of the simulator in managing portfolios, the results of three simulation runs are presented. Each has a total relative risk objective of 1.0, i.e., risk equal to that of the market index; but utilizes different amounts of leverage.
In Run #i a portfolio of the lowest risk stocks was purchased and levered to market risk by borrowing $.50 for every $i of equity; in Run #2, a medium-low risk portfolio was levered to market risk by borrowing $.25 for every $I of equity; and in Run #3 a market risk portfolio was selected using no leverage.
All three portfolios contain a large number of issues (average number of issues over 100) and try to maximize diversification by limiting the maximum value in each security (approximately 5% maximum for Run #i and 2-1/2% maximum for Runs #2 and #3).
The diversification and turnover objectives depend on the risk level of the underlying portfolio and the amount of leverage, respectively.
For these three portfolios the minimum diversification (measured by the correlation coefficient) would be .92, .96, and .98 and the maximum turnover objectives would be 30%, 25%, and 15%. Of course, these are expected limits and in any run could be exceeded.
Risk Control
Table A summarizes the risk control for the three simulations runs.
For each run the first column (beta) is the systematic risk for the five year sub-periods, the second column (r) is the correlation coefficient, and the third column (~p/O m) is the total relative risk.
If the portfolio returns of strategies #i and #2 are sufficiently above those of the more highly diversified unlevered portfolio #3 we are willing to accept the relatively low level of diversification. Note that this does not imply that this portfolio is riskier than the market; over time the levered portfolios have the same variability in returns as will the index. Turnover Table B shows the transactions incurred by the three strategies over the twenty-five year simulation period. Dollar turnover is defined as:
(Dollar Purchases + Dollar Sales)/2 Average Equity
Issue turnover (Table C) is similar except the number of transactions or issues is used instead of dollar value. Notice that in order to control the total risk of the portfolio, the turnover increases as more leverage is used. The increased transaction costs of a leveraged strategy must be offset with higher returns.
Extra Returns on Low Risk Stocks
As expected~ the returns on the two levered portfolios over the twenty-five year period were both statististlcally and economically superior to those which would have been predicted by the Capital Asset Pricing Theory. Tables D, E, and F below also contain several other measures of the return and/or the efficiency of this portfolio. Monthly excess return refers to the return achieved by the portfolio (or the market) above the risk-free rate, measured in the simulator run as the rate of return on three-month Treasury Bills. Over the twenty-five year period, the excess monthly return on #i portfolio was one quarter of one percent per mDnth greater than the market index.
When the average excess return is divided by the total risk (the standard deviation) of the portfolio or the market, the resulting number measures the efficiency of the portfolio. These numbers are given in the column headed Excess Returns/Risk. These numbers can be interpreted as follows: the .67 levered portfolio generated .23 units of return for each unit of risk undertaken, whereas the index returned only .18 units of return; the low risk portfolio is clearly preferred to the unlevered market risk portfolio.
VII. Value and Benefits Derived
Since the simulator was designed to serve multifarious objectives, the actual benefits derived from the designing and the usage of the simulator are diverse. Benefits have been deri~ed in the areas of research, development, communications, and marketing.
The major benefit of the development of the simulator probably lies in the construction of a "track record" which, in our opinion, constitutes valid experience and is representative of results which can be expected in the future. Since the simulator is concerned with new portfolio strategies which have never been consciously executed in reality, there is no track record to demonstrate the efficacy of this method in actual portfolios. Therefore, the real-world operability of the expected performance must be inferred from the results of studies which manage simulated portfolios over historic time periods. Because the simulator makes realistic assumptions regarding such elements as commission costs, interest rates, re-investment of dividends, and buy/sell decision rules, the results of a simulator run are credible to the developers, management, and potential clients. The simulator effectively demonstrates the advantages of low transaction costs, control of risk, and superior returns obtainable through portfolio strategies utilizing the concepts of Capital Asset Pricing Theory.
As has been previously stated, the simulator was designed to add more realistic assumptions to theoretic development provided by our consultants. The initial runs of the simulator were used to provide an independent verification of the results obtained by the consulzants. Confident then that an opportunity to improve portfolio performance existed as a result of the basic findings, we proceeded to test the model under current real-world assumptions and to develop an operating strategy.
The experience gained in the construction and utilization of this simulator allowed us to refine the operational strategies to maximize the benefits from this style of portfolio management. Operating manuals and operating programs, intended for the direct use of an operating portfolio manager, were developed partially through the experience gained through the simulator. Because the simulator uses monthly data and handles debt in a fairly naive manner, it is not of specific use in helping a portfolio manager to understand his day by day activities. Specific methods of handling taxes, trading strategies, debt maintenance and client relationships are primarily person to person inter-action problems, and thus are not incorporated into the portfolio simulator. However, the simulator does define the stock selection process, and indicates the amount of trading and leverage adjustments required to maintain a portfolio.
During the period 1965 through 1970, the levered low risk portfolios did not yield an extra return. In fact, the returns on the levered low risk portfolios were lower than that on the return of the market, although by a statistically insignificant amount. This result is not due to the recent market performance, but due to the extraordinary performance of high risk stocks from the end of 1965 through the first few months of 1967. Over the last three years, the levered low risk portfolios would have outperformed the market. This example points out that the advantage of levering low risk stocks can be negative for any given year. Only over longer periods of time are we able to detect significant differences.
(Five years of data are probably necessary before any meaningful performance results can be obtained.) Thus, Capital Asset Pricing Theory based portfolio strategies are inherently long term investment
The simulator runs, and papers prepared summarizing and contrasting the results of the particular runs, have been extensively utilized as a means of educating users and clients of the merits of the portfolio strategy. In addition to management education, the "learning by doing" experiences construction in using the simulator added invaluable in-depth knowledge to the developers.
The simulator continues to be a valuable tool in the further research and development of refinements and extensions of the basic strategy. The simulator is continually being extended and modified to test these more advanced strategies.
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VIII.
Conclusion
Simulation models attempt to accurately represent the relevant aspects of the real-world. If this selective representation of reality is incorrect or incomplete, the simulated results may not be obtainable when the concepts are implemented.
The simulator, which possesses a high degree of correspondence to reality, can be a variable tool to acquire insight into the complex decision processes.
Careful use of simulations can provide more information in a matter of minutes than could be acquired in a whole lifetime of experience.
The utility of the simulator is directly related to the credibility the simulator has to those who are the intended users.
Candid discussions of the design, results, and possible shortcomings increase the willingness of the user to accept the results.
Open access to the use of the simulator assures him that he is not receiving a biased selection of output.
Frequent discussions and well written non-technical topical papers provide assurance that the simulator is a useful and valuable tool in the management of change.
Appendix:
Output Reports
In order to give a reader a better grasp of the simulator, we have inserted a sample of each of the six major output formats, along with a brief description of each.
The sample reports were taken from a run which simulated the investment performance of a 25% levered to market risk portfolio from July 1945 to June 1970. The reports are presented in order of importance to the user.
Performance Resression (Report A)
This report summarizes the performance of the portfolio as compared (via regression) to the market.
In general, this report shows the superiority of a levered low risk portfolio to an unlevered portfolio of comparable risk.
Comparison of the mean rates of return (or alpha, the intercept of the regression of portfolio returns against market returns) shows the difference in compound monthly rates of return.
Beta, the slope of the regression of portfolio returns on market returns, or a comparison of the standard deviations of returns, shows that the risk of the portfolio is approximately that of the market.
-The correlation coefficient shows the portfolio diversification.
Monthly Returns Report (B)
Compares the returns of the portfolio to the returns of the market on a month by month basis, as well as for each year and since the beginning of the simulation.
This report also presents a current balance sheet for the account.
Note that leverage appears as a liability in approximately the 1:4 proportion to equity specified as a control parameter.
Transactions Summary Report (C)
Surmnarizes the number of transactions, the dollar value of transactions, commissions paid, etc. Turnover averages are discussed in Section VI of this paper.
Portfolio Holdings Report (D)
Lists the securities held as of a particular point in time.
Also printed is the dollar value of the holding as well as the current estimate of market sensitivity of the issue.
Note the wide diversification across industries and riskiness.
Action Report (E)
Shows the specific transactions necessary to maintain risk control for a six month period.
The reasons for transactions include adjustment of debt, reinvestment of dividends, de-listing of securities, and control limits on amount invested in one group or a single security.
Input Parameter Specifications (F)
Portfolio input specification allows wide generality of operating assumptions regarding:
- 
